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After we confirm safety of this novel humanized anti-Fas monoclonal 
antibody by using primates that includes a marmoset, we will study 
medicinal effect for various autoimmune diseases including rheumatism, 
caused by disorder of Fas/FasL. We will try to develop novel medicine based 
on completely new concepts. 
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Trials in the Development of a Novel Anti-Fas Monoclonal Antibody 

Drug 

Nobufusa Serizawa 
Biomedical Research Laboratories, Sankyo Co., Ltd. 

Abstract 

Anti-human Fas antibody, which exhibits cytotoxicity, is expected as a primordial 
therapeutic agent for autoimmune diseases, since the antibody exerts removing activity of 
activated T cells and abnormally proliferated synovial cells associated with rheumatoid arthritis. 
However, known anti-Fas antibodies are difficult to develop as therapeutic agents, because they 
induce apoptosis in hepatic cells. Thus we attempted and succeeded to obtain a novel anti-Fas 
antibody without hepatotoxicity. Furthermore, we also succeeded in humanization of the 
anti-Fas antibody using gene-engineering techniques. It may be possible to develop this anti-Fas 
antibody as a novel therapeutic agent. 

Introduction 

In 1989, Yonehara et al. reported that after immunization of diploid fibroblast FS-7 to 
BALB/c mice, the spleen cells were fused with myeloma cell line NS-1 and resulting in a cell 
line producing a monoclonal antibody that exhibited cytotoxic activity, and named this antibody 
CH-ll 1 ^ This finding, a marvelous advancement in immunology research, opened up a whole 
vista on Fas/FasL mediated apoptosis. 

Recently, it was found that abnormal proliferation of T cells and autoimmune diseases 
are elicited by functional impairment of the Fas/FasL system by analysis of abnormalities 
produced in Ipi and gld mice. Thus it was suggested that self -responsive T cells may be 
eliminated by the Fas/FasL system. Furthermore, Yonehara et al. demonstrated that a mouse 
anti-Fas antibody, RK-8 remarkably ameliorates symptoms of autoimmune diseases following 
injection of RK-8 to gld mice, a mutant mouse strain of FasL gene and an animal model of 
autoimmune diseases 2 *. However, in patients with rheumatoid arthritis (RA) a representative 
autoimmune disease, not only abnormal immunocompetent cells but also hypertrophy of the 
synovial membrane caused by abnormal proliferation of synovial cells as a result of the 
compromised immune response, are considered to be the main pathogic mechanisms. 

Nishioka et al. demonstrated that Fas molecules are expressed in synovial cells from 
patients with RA using anti-human Fas antibody, CH-11, discovered by Yonehara et al. Nishioka 
et al. also demonstrated that apoptosis is induced in synovial cells following treatment with 
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CH-11 in vitro 3 *. Thus anti-Fas antibody with cytotoxic activity may be expected to show 
potential as a fundamental therapeutic agent with a novel concept for autoimmune diseases, 
differing from hitherto sallopatic agents that exert eliminating activities on activated T cells and 
abnormally proliferated synovial cells in patients with RA. However, since some anti-Fas 
antibodies exhibit hepatotoxicity, these antibodies are widely believed to be risky. Nevertheless, 
since RK-8, an anti-mouse antibody, exhibits only temporal hepatotoxicity, a possibility is 
suggested that an anti-human antibody could be developed for clinical use. 

We investigated the possibility of preparing a clinically applicable anti-human Fas 
antibody without hepatotoxicity in collaboration with Yonehara et al., and finally succeeded in 
obtaining HFE7A, a unique antibody that exerts wide immunological cross reactivity to both 
mouse and human Fas, lacks hepatotoxicity, and is expected to be clinically applicable. 

Preparation of a Novel Fas Antibody, HFE7A 

The extracellular region of human Fas was fused with that of EL-3R. Then Fas 
knockout mice were immunized with the fusion protein and hybridoma was prepared from the 
spleen from the immunized mice. The hybridoma was cloned by limiting dilution method and 
IgG-type Fas antibodies were isolated from multiple cloned hybridomas. One of these, HFE7A, 
bound not only to human Fas molecules but also to mouse Fas molecules. Furthermore, HFE7A 
exhibited cytotoxic activity to cell lines expressing Fas (WR19L12a: expressed human Fas, 
L5178YA1: expressed mouse Fas) in a dose-dependent manner under- crosslink conditions with 
an anti-mouse IgG antibody in vitro. 

Immunological Cross-Reactivity of HFE7A 

Immunological cross reactivities of HFE7A with various monkeys and mice were 
examined. Peripheral lymphocytes from Japanese monkeys, cynomologus monkeys, marmosets, 
chimpanzees, and human were activated with PHA and IL-2, stained with HFE7A and the 
secondary antibody, and analyzed by flowcytometry (FCM). HFE7A exhibited immunological 
cross reactivities with Japanese monkeys, cynomologus monkeys, marmosets, and chimpanzees. 
Although HFE7A exhibited cross-reactivity to BALB/c mice, it did not react with other mice 
strains. 

The binding activity to FAS of BALB/c mice was 1/100 of that to human FAS. Since 
others currently known anti-human FAS antibodies showed immunological cross reactivity to 
only human and chimpanzees, HFE7A has advantages for development as a therapeutic agent 
because it can be evaluated in experimental animals such as BALB/c mice. 



2 



A Special Article: 

Frontline of Apoptosis and Diseases 



Saishin-Igaku 54: (4) 
917-924 (1999) 



HFE7A as an Anti-Fas Antibody not Having Hepatotoxicity 

The most remarkable property of HFE7A is that HFE7A does not exhibit 
hepatotoxicity, unlike other currently known anti-Fas antibodies. Single or repeated injection of 
HFE7A (0.2 mg/kg, i.p.) for 1 or 2 successive weeks does not cause any changes in GOT and 
GPT levels or liver histopathology (Fig. 1 and 2). Interestingly, fulminant hepatitis caused by 
Jo2 (100 microgram, i.p.) is prevented by simultaneous injection of HFE7A (100 microgram, 
i.p.). HFE7Ais speculated to inhibit apoptosis in the liver. 

As a toxicological study, marmosets were treated with HFE7A (2 mg/body, i.v.) and 
autopsied after 24 hours. No changes were detected in GOT and GPT levels and other liver 
function tests. Furthermore, no changes were detected in pathological examinations. In BALB/c 
mice injected with RK-8 anti-mouse antibody, the number of Gr 1 positive cells decreased on 
day 1 then remarkably increased on days 4-7 as a rebounded phenomenon 7 *. However, HFE7A 
did not show these effects. 

We will further perform toxicological studies in cynomologus monkeys and 
chimpanzees, which are genetically closer to humans. Once safety of HFE7A is confirmed in 
these primates, clinical trials will begin using humanized HFE7A anti-Fas antibody. 

Apoptosis Inducing Activity of HFE7A 

1. Apoptosis Inducing Activity to Cells Expressing Fas and Synovial Cells from 
Patients with Rheumatoid Arthritis (in vitro Studies) 9 * 

Apoptosis-inducing-activity of HFE7A was dose-dependently shown in cell line 
expressed Fas under conditions crosslinked with anti-mouse IgG antibody. Furthermore, as a 
step for clinical evaluation of HFE7A in patients with RA, which was the main objective for 
development of HFE7A, apoptosis-inducing activity of HFE7A was investigated in synovial 
cells from patients with RA. As a result, apoptosis was induced by addition of HFE7A to 
cultivated synovial cells in 2 of 3 preparations from patients with RA(Fig. 3A). 

Thus since HFE7A showed apoptosis-inducing-activity toward abnormally 
proliferated synovial cells from patients with RA, therapeutic efficacies of HFE7A may be 
expected in clinical trials. 

2. Apoptosis-inducing Activity in vivo 

1) Spontaneously Developed Autoimmune Disease Animal Model (gld/gld mouse) 

Autoimmune disease-like symptoms of gld mice, an animal model of autoimmune 
diseases with mutant FasL gene, were remarkably ameliorated following injection of HFE7A. 
Namely, a single or repeated injection (once a week) of HFE7A (0.2 or 0.5 mg, i.p.) to 
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9- week-old MRLgld/gld mice, an animal model of systemic lupus erythema tosus-like 
autoimmune diseases, ameliorated enlargement of the wrists and ankles due to the autoimmune 
disease 50 days after injection was started. Thymocytes were isolated from these mice and the 
ratio of Fas-positive T cells was evaluated, with the result that the number of T cells expressing 
Fas was reduced. 

2) BALB/c mice 

Effects of HFE7A on BALB/c mice were investigated in vivo. Apoptotic cells were 
counted by TUNEL methods in BALB/c mice following intravenous injection of HFE7A. 
Furthermore, the ratio of Fas-positive cells in thymocytes was analyzed with FCM. 

After administration of HFE7A to BALB/c mice, TUNEL-positive cells were detected in 
the thymocytes. In addition, the effects of administration of HFE7A were investigated in Fas 
transgenic mice developed in our laboratory. As a result, the ratio of human Fas-positive cells 
was reduced in the thymocytes. 

From these results, HFE7A was considered to exhibit apoptosis-inducing activity in vivo 
as well as in vitro. Although HFE7A requires crosslink with second antibody in vitro, it induces 
apoptosis without crosslink in vivo. Thus it is considered that cells expressing Fc receptors may 
play a role in crosslink of HFE7Ain vivo. 

3) Effects of HFE7A injection on Graft Versus Host Disease (GVHD) 

Since HFE7A exhibited apoptosis-inducing-activity in vivo, its effects on GVHD were 
investigated. Spleen cells from transgenic mice (H-2 b/b ) expressing human Fas under 
promo tor-control of mouse lck were transfected into SCID mice and their body-weight 

decreases, dermatopathies, and mortality observed. 

In this experimental system, H-2b lymphocytes of the transgenic mice attack H-2d 
lymphocytes. However, since SCID mice lack T and B cells, GVHD symptoms such as 
body-weight-decreases and dermatopathies appear in the SCID mice. In our experiments, body 
weight of GVHD control mice changed biphasically, i.e., decreased, followed by temporary 
recovery and subsequent long-lasting decrease. In transgenic mice treated with HFE7A, 
however, the long-lasting body weight decrease was prevented (Fig. 4). Furthermore, alopecia 
and dermatopathies associated with erosion were observed approximately 30 days after 
transplantation of the spleen in the control mice. In mice treated with HFE7A, however, these 
dermatological symptoms were almost completely prevented. From histopathological analysis, 
deficits of surface structure of the skin and infiltration of neutrophils into the corium were 
observed in mice with GVHD. These pathological changes were prevented by HFE7A (Fig. 5). 
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In order to verify the underlying mechanisms, the spleen and lymphocytes of the mice were 
examined on day 10 after splenocytes transfer. Although enlargement of the spleen caused by 
GVHD was unaltered following injection of HFEA, the number of lymphocytes was reduced to 
half of that in control mice. When analyzed with FCM, approximately half of cells in the lymph 
node expressed human Fas due to GVHD, and HFE7A reduced the number of lymphocytes that 
expressed human Fas. The body-weight-decrease in SOD mice caused by the transferred 
splenocytes of C57BL/6 mice which have the same H-2b haplotype as the transgenic mice was 
not prevented by the injection of HFE7A, indicating that HFE7A exhibits its beneficial effects 
via human Fas. Thus in the SCID-GVHD animal model, graft cells expressing human. Fas from 
the transgenic mice attack host cells from SCID mice via death receptors or perforin pathway, 
producing GVHD. HFE7A was considered to kill cells expressing Fas by inducing apoptosis, 
resulting in suppression of GVHD. 

Humanization of HFE7A 

With progresses in gene technology, humanized antibody became possible, increasing 
the potential of utilization of antibodies as remedies. Thus we humanized HFE7A to develop 
this antibody as a remedy. 

First of all, cDNAs of light and heavy chain were cloned from hybridoma producing 
HFE7A. These were injected into an expression vector to express them in COS cells. These cells 
exhibited both binding to human Fas and apoptosis-inducing activity. Thus we confirmed that 
cDNA of HFE7A was obtained. 

There are 2 kinds of humanization methods: chimeric antibody, i.e. displacement of Fc 
region alone with human IgG; and transplantation of complementarity-determining region 
(CDR). Since the chimeric antibody contains more mouse regions, antibodies against the mouse 
region are produced and efficacy is reduced. The transplantation of CDR may, in some cases, 
reduce binding activity to antigen. Thus we humanized HFE7A by modified CDR 
transplantation methods, in which amino residues consisting of a framework region are partly 
transplanted simultaneously (Fig. 6) 12) . 8E10 with relatively high homology with human IgG 
was used as acceptor, and the humanization was designed under assumption of amino acid 
residues remaining in a framework from 3 -dimension structural modeling. One heavy chain and 
3 light chains were designed, and 3 humanized HFE7A (alpha, beta, and gamma) were 
expressed in COS cells by their combinations. Then their binding activities to human Fas, 
inhibiting activity against the binding of HFE7A to human Fas, and apoptosis-inducing activity 
against cells expressing human Fas were investigated. As a result, all of these 
humanized-HFE7A exhibited efficacy as potent as mouse HFE7A. Thus we succeeded in 
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humanization of the mouse HFE7A. 

We will further investigate to establish mass production of HFE7A after a cell line that 
constantly expresses the HFE7A gene will be prepared, and will endeavor to develop humanized 
HFE7A as an agent for the treatment of autoimmune diseases such as RA, which is our final 
goal. 

Conclusion 

After safety of HFE7A is confirmed in primates such as marmosets, a novel 
anti-human Fas antibody, HFE7A will be developed as a remedy with a new concept for various 
autoimmune diseases caused by abnormalities of Fas/FasL such as RA. 
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Table 1. 


Known anti-Fas antibodies 




Name of 


Type 


Hepatotoxicity 


Antibody 




i 


Jo2 


hamster anti-mouse Fas IgG 


induction of fuluminant 






hepatic failure 


RK-8 


hamster anti-mouse Fas IgG 


temporal hepatotoxicity 


APO-1 


mouse anti-human Fas IgG3K 


? 


CH-11 


mouse anti-human Fas IgMK 


? 



Abbreviations: see "abbreviations this month" at the end of this issue. 
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(IU//) 
5,700 




GOT 

Jo2 0.1 mg 



HFE7A Control 
0.2mg 




(IU//) 
5,600 




GPT 
Jo2 0.1mg 



HFE7A Control 
0,2mg 



0 10 20 30 40 50 "0 10 

(Time) 

Time after injection (Lp.) 



20 30 40 50 

(Time) 



Fig. 1. GOT, GPT levels following a single injection of HFE7A. 

Abbreviations: see "abbreviations in this month" at the end of this issue. 
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(IU//) 
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m gpt 
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PBS HFE7A PBS HFE7A 



Day 7 Day 14 



Fig. 2. GOT, GPT levels following repeated injection of HFE7A. 

Abbreviations: see "abbreviations in this month" at the end of this issue. 
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HFE7A 



CH-11 



ED Ong/m/ 

□ 1 Ong/m/ 

□ 100ng/m/ 

□ 1,000ng/m/ 



Fig. 3. Apoptosis-induction activity of HFE7A toward synovial cells from patients with 

rheumatoid arthritis (RA) (RA312, as an example) 
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0 io 20 30 40 (day) 

Time after transfer of the spleen 



Fig. 4. Effects of HFE7A on body weight decrease 

IgG: immunoglobulin G 
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Fig. 5. Effects of HFE7A on skin impairment 

IgG: immunoglobulin G 
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Light chain $ . 



Variable region 

CDR 
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Mouse antibody (donor) 



Human antibody (acceptor) 



Humanized antibody 



Fig. 6. Humanization of antibody by complementarity-determining region (CDR) 

transplantation methods 
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